TITLE OF THE INVENTION 

MULTI-LEVEL CIRCUIT SUBSTRATE, METHOD FOR MANUFACTURING 
SAME AND METHOD FOR ADJUSTING A CHARACTERISTIC IMPEDANCE 
THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a multi-level circuit 
substrate having interlayer connection through a conductor 
filled between layers thereof, a method for manufacturing same 
and a method for adjusting a characteristic impedance therefor. 

2. Description of the Related Art 

Recently there has been an increasing demand for 
implementing high density mounting of semiconductor devices 
with increase in the need to enhance operation speed and improve 
performances for the computers. In the high end field of 
super—computers, etc., the ceramic substrate utilized in 
semiconductor device mounting is structured by two 
interconnect layers sandwiched between ground layers (or power 
source layers) . This have realized reduction of cross talk and 
control of characteristic impedance together with high density 
mounting. For data transfer utilizing a high clock frequency, 
however, the adoption of such a structure cannot provide for 
sufficient effects to reduce cross talk and control 
characteristic impedance. 


1 




Under such a situation, in conventional there has been a 
technology disclosed in a publication of Japanese Patent 
Laid-open No. 206678/1993. In this technology, five or more 
shield connection members are provided for a multi-level 
substrate having a shield connection member around a signal 
connection member thereof. Due to this, the reduction of cross 
talk and stabilization of characteristic impedance are 
achieved at around interlayer connecting portions. However, 
such a structure requires many connection members for the 
interconnect substrate. Thus, there is insufficiency in 
compatibility with today's high density mounting and increase 
in number of pins. 


SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide, with high density and at low cost, signal—line 
connection members that are reduced in signal reflection due 
to a difference in characteristic impedance between the signal 
interconnect layer and the signal—line connection member, 
thereby realizing both characteristic impedance stability and 
high density mounting. 

Another object of the invention is to reduce the size of 
a substrate structure required for characteristic impedance 
matching. 
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In order to achieve the objects, the present invention 
comprises: at least two interconnect layers oppositely placed 
to each other; an insulator provided between the interconnect 
layers; connection members provided penetrating through the 
insulator along an opposed direction of the interconnect layers 
and connecting between the interconnect layers; an 
intermediate connection layer sandwiched by the connection 
members at a center position of the connection members provided 
along the opposed direction of the interconnect layers and 
electrically connecting between one end and the other end of 
the connection members; a shield layer provided nearly on a same 
plane as the intermediate connection layer and placed spaced 
from around the intermediate connection layer; and wherein a 
condition of (R * r)/(2 * h) ^ L ^ (5 • R * r)/h is satisfied, 
provided that a connection distance between the interconnect 
layers through the connection members and the intermediate 
connection layer is h, the connection members where considered 
generally as a circular cylinder has a diameter R, the 
intermediate connection layer where considered generally as 
circular has a diameter r, and a spaced distance between the 
intermediate connection layer and the shield layer is L. 

The present invention, satisfied by this condition, can 
provide matching in characteristic impedance between the 
interconnect layers and the connection members to a degree of 
a signal reflectivity of less than 0.05. 
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BRIEF DESCRIPTION OF THE DRAWINGS 


The other objects of the invention will be made apparent 
by understanding the embodiments to be explained hereunder and 
clearly shown by the appended claims. The many advantages not 
mentioned in the preset description will be remembered by a 
skilled person through practicing the invention. 

Fig. 1A is a sectional view showing a schematic structure 
of a multi-level circuit substrate according to a first 
preferred embodiment of the invention; 

Fig. IB is a sectional view taken on line-A-A' of Fig. 1A; 

Fig. 1C is a sectional view taken on line B-B' of Fig. 1A; 

Fig. 2 is a graph showing a relationship of a signal 
reflectivity and a gap L in the first embodiment; 

Fig. 3 is a figure for explaining a threshold of a signal 
reflection amount; 

Fig. 4A is a Smith chart representative of a frequency 
characteristic of the multi-level circuit substrate of Fig. 1A 
- Fig- 1C; 

Fig. 4B is a Smith chart representative of a frequency 
characteristic of a related art multi-level circuit substrate; 

Fig. 5A is a sectional view showing a schematic structure 
of a multi-level circuit substrate according to a second 
preferred embodiment of the invention; 

Fig. 5B is a sectional view taken on line C-C' of Fig. 5A; 
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Fig6A - Fig. 6C are sectional views respectively showing 
manufacturing processes for the multi-level circuit substrates 
of Fig. 5A and Fig. 5B; 

Fig. 7A is a sectional view showing a schematic structure 
of a multi-level circuit substrate according to a third 
preferred embodiment of the invention; 

Fig. 7B is a sectional view taken on line D-D' of Fig- 7A; 

• Fig. 7C is a sectional view taken on line E-E' of Fig. 7A; 

Fig. 8 is a graph showing a relationship of a signal 
reflectivity and a gap L in the third embodiment; 
third preferred embodiment of the invention; 

Fig. 9 is a sectional view showing a schematic structure 
of a multi-level circuit substrate according to a fourth 
preferred embodiment of the invention; 

Fig. 10 is a graph showing a relationship of a signal 
reflectivity and a gap L in the fourth embodiment; 

Fig. 11 is a sectional view showing a modification to the 
fourth embodiment; 

Fig- 12 is a graph showing a relationship between a 
frequency and a refection amount; and 

Fig. 13A - Fig. 13F are sectional views respectively 
showing other example of multi-level circuit substrate to which 
the invention is to be applied. 

DETAILED DESCRIPTION OF THE INVENTION 
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Now preferred embodiments of the present invention will 
be described with reference to the drawings. 

Fig. 1 depicts a structure of a first preferred embodiment 
of the invention. This embodiment of the invention exemplifies 
a multi-level circuit substrate having four layers. It is 
however needless to say that the invention is also applicable 
to other number of layers than four layers of multi-level 
circuit substrates. 

This multi-level circuit substrate includes a layered 
body 101 as an example of an insulator. The layered body 101 
is structured by integrating four levels of insulation layers 
100A, 100B, 100C and 100D. The insulation layer 100A as a 
lowermost layer of the layered body 101 has, on its top surface, 
an interconnect layer 102 as an example of a lower—level 
interconnect layer. The interconnect layer 102 is formed by 
a conductor film patterned in an interconnection form. 

The insulation layer 100A has, at its top surface, an 
insulation layer 100B as an example of a lower-level insulation 
layer. The interconnect layer 102 is sandwiched between the 
insulation layer 100A and the insulation layer 100B- The 
insulation layer 100B is provided with a connection member 103 
as an example of a lower—level connection member. The 
connection member 103 is formed by filling a conductor 105 in 
an nearly-circular connection hole 104 opened in a thickness 
direction through the insulation layer 100B. 
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The connection member 103 is placed on a connection land 
102a provided with the interconnect layer 102. The connection 
member 103 at its lower end is abutted against the connection 
land 102a thereby electrically connected with the interconnect 
layer 102. The connection member 103 is, for example, formed 
of a conductor formed by filling a metal filler such as of 
copper, or an insulator such as an epoxy resin having a form 
equivalent to the connection hole 104 and a surface coated with 
a conductor by metal plating or the like. 

The connection member 103 has a diameter R set somewhat 
greater than a diameter of the connection land 102a. This 
absorbs an error of alignment between the connection member 103 
and the connection land 102a thus enhancing reliability of 
connection between them. 

The insulation layer 100B has, at its top surface, a via 
land 106 as an example of an mid-level interconnect layer and 
a ground layer 107 as an example of a shield layer. The via 
land 106 and the ground layer 107 are each formed by a conductor 
film. The via land 106 is patterned generally circular in plan. 
The via land 106 is nearly concentrically provided at a top end 
of the connection member 103. The via land 106 is connected 
with the top end of the connection member 103 thereby 
electrically connected with the connection member 103 . The via 
land 106 has a diameter r set somewhat greater than the diameter 
R of the connection member 103 (r > R) . This absorbs an error 
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of alignment between the via land 106 and the connection member 
103 thus enhancing reliability of connection between them. 

The ground layer 107 is provided encompassing around the 
via land 106 . The ground layer 107 covers almost the top surface 
of the insulation layer 100B. The ground layer 107 is formed 
at inside with a circular cut-out 107a in order to avoid a 
forming region of the via land 106. The cut-out 107a is placed 
concentric to the via land 106. The cut-out 107a has a diameter 
N set greater than the diameter r of the via land 106 (N > r) . 
By thus forming the ground layer 107, a ring-formed gap 108 
having a width L is formed between the via land 106 and the 
ground layer 107. The gap 108 provides electrical insulation 
between the via land 106 and the ground layer 107. 

Incidentally, in this embodiment the ground layer 10 7 was 
provided around the via land 106. It is however needless to 
say that in place of this a same form of a power source layer 
may be provided as a shield layer. Furthermore, it is needless 
to say that both ground and power source layers may be provided. 

An insulation layer 100C is layered over a top surface of 
the insulation layer 100B. The via lad 106 and ground layer 
107 are sandwiched between the insulation layers 100B and 100C. 
A connection member 109 as an example of an upper-level 
connection member is provided in the insulation layer 100B. The 
connection member 109 is formed by filling a connection hole 
110 with a conductor 111. 
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The connection hole 110 is formed almost circular through 
the insulation layer 100C in a thickness direction thereof. The 
connection member 109 is placed on the via land 106. The 
connection member 109 at is lower end is joined to the via land 
106, thereby electrically connected to the via land 106. The 
connection member 109 is arranged nearly concentric to and 
almost same in diameter R as the connection member 103 . In order 
to provide the connection member 109 with a same electric 
characteristic as the connection member 103, a conductor 111 
forming the connection member 109 is in a same material as the 
conductor 105 forming the connection member 103. 

An interconnect layer 112 is provided as an example of an 
upper-level interconnect layer on a top surface of the 
insulation layer 100C. The interconnect layer 112 is formed 
by a conductor film patterned in an interconnection form. The 
interconnect layer 112 is formed integral with a connection 
land 112a. The connection land 112a is circular in plan. The 
connection land 112a is provided at a top end of the connection 
member 109 and almost concentric to the connection member 109. 
The connection land 112a is joined to the top end of the 
connection member 109 thereby electrically connected with the 
connection member 109. The connection land 112a has a diameter 
set somewhat greater than the diameter R of the connection 
member 109. This absorbs an error of alignment between the via 
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land 106 and the connection member 103 thus enhancing 
reliability of connection between them. 

As shown in Fig. 1, the distance of connection is given 
by h between the interconnect layer 102 and the interconnect 
layer 112 through the connection member 103, via land 106 and 
connection member 109. 

An insulation layer 100D is layered on a top surface of 
the insulation layer 100C. The interconnect layer 112 is 
sandwiched between the insulation layer 10 0C and the insulation 
layer 100D. 

In this embodiment a spacing 108 has a width that satisfies 
Equation (1) as follows. Due to this, the entire connection 
provided by the connection member 103 and connection member 109 
has an impedance matched to a characteristic impedance of the 
interconnect layer 102 and interconnect layer 112. 

(R • r) / (2 * h) <; L ^ (5 • R * r)/h ... (1) 
where 

R: the diameter of connection member 103, 109, 
r: the diameter of via land 106 

h: the connection distance between the interconnect layer 
102 and the interconnect layer 112 through the connection 
member 103, via land 106 and connection member 109, 

L: the width of the gap 108 
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Also, if within a range of the Equation (1) satisfying the 
following, the matching of characteristic impedance is 
preferably improved further with less signal reflection. 

(R * r)/h <; L <; (2 • R • r)/h ... (2) 

Furthermore, of the range of Equation (1) a range 
satisfying the following is best preferred (best mode). 

L = (1.5 * R * r)/h ... (3) 

The reason of setting the above conditions will be 
explained hereinbelow. 

Referring to Fig. 2, shown is a result of measurement on 
variation in amount of signal reflection caused between the 
connection member 103, 109 and the interconnect layer 102, 112 
under a condition of sequentially changing the width L. The 
variation in amount of signal reflection is caused due to 
mismatch of characteristic impedance. 

The measurement has been made under the condition that the 
width of the interconnect layers 102, 112 is 190 pm, the 

specific dielectric constant of the insulation layers 100A - 
100D is 3.5 and the connection distance h is 200 pm. 

In Fig. 2, the value of width L standardized by (R • r)/h 
is given on the horizontal line while the amount of signal 
reflection is on the vertical axis. 

As will be clear from Fig. 2, the amount of signal 
reflection is sufficiently low, i.e. as low as 0.05 or less 


11 



within a range cc that the width L satisfies the condition (R 

• r) / {2 • h) =s L ss (5 • R • r)/h. 

The signal reflection amount further lowers to 0.02 or 
less within a range (3 that the width L satisfies the condition 
(R • r)/h =s L =s (2 * R • r)/h. 

The signal reflection amount assumes a minimum value 0.01 
where the width L is on a point y satisfying the condition L 
-= (1.5 * R * r)/h. 

For a system realizing data transfer using a clock 
frequency of 1 GHz or below, required is a reflection amount 
of 5% (=0.05) or less of an input signal. The reason of this 
is explained below with reference to Fig. 3. 

Concerning I/O interfaces for a recent memory system using 
Dynamic RAM, the standards for RAMBUS (high-speed bus system 
proposed by U.S. RAMBUS Co., SSTL (Stub Series Terminated 
Transceiver Logic), etc. have been proposed and realized- For 
example, in SSTL_3 (Stub Series Terminated Logic for 3.3 Volts) 
of the Japanese Electronic and Mechanical Industrial standard, 
there are given an output voltage of 3.3 ± 0.3 V as an output 
level standard, an input reference voltage Vref of 1.5 ± 0.2 
V, an input voltage high level minimum value V1H (dc) of input 
reference voltage Vref + 0.2 V, and an input voltage low level 
maximum value V1L (dc) of input reference voltage Vref - 0.2 
V. 
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In order to meet a timing standard, the input signal 
usually satisfies a required input level V1H (ac), V1L (ac), 
i.e. an input reference voltage of Vref ± 0.4 V. A receiving 
end is logically established High for the input voltage high 
level minimum value V1H (dc) or higher. Similarly, Low 
determination is made for the input voltage high level minimum 
value VlH (dc) or lower. For other voltages, no establishment 
is made. Thus, no logical establishment is made. 

Where the output voltage is 3.3 V, if the connection member 
103, 109 has a signal reflection amount of 0.06, then a 
reflection signal has an amplitude of 0.216 V. If this 
reflection signal is introduced as input signal noise, a 
noise-added signal has a high level of an input signal reference 
signal of Vref + 0.4 ± 0.216 V. the noise-added signal has a 
low level of an input signal reference signal of Vref - 0.4 ± 
0.216 V. If doing so, the noise—added input signal will have 
a high level minimum value and a low level maximum value of 
respectively of an input signal reference voltage of Vref + 
0.184 V and a input signal input reference voltage Vref - 0.184 
V. In this case, not met are an input reference voltage vref 
+ 0.2 V as a minimum value VlH (dc) of an input voltage high 
level and an input reference voltage Vref — 0.2 V as a maximum 
value V1L (dc) of an input voltage low level. That is, no 
logical establishment is made, resulting in malfunctioning. In 
this manner, for a reflection amount of 0.06 or higher a cause 
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of malfunction results. In addition, because the input signal 
undergoes other noise effects than those of a reflection signal 
through the connection member 103, 109, there is need to reduce 
the reflection signal within the connection member. From such 
reasons, there is a necessity to reduce a signal reflection 
amount of 5% (0.05) or less. 

For example, where setting a connection distance h 400 pm, 
a diameter R 200 pm and a diameter r 4 00 pm (hereinunder referred 
to as setting 1), then the followings are obtained: 

(R * r/2) ♦ h = 100 

(5 * R * r)/h = 1000. 

Accordingly, Equation (1) becomes as: 

100 L s; 1000 ... (1) ' - 

If in setting 1 the width L be 5 0 pm r 2 mm (= 2 0 00 pm) , 
then the condition of Equation (1) ’ is not satisfied. This will 
result in mismatch of characteristic impedance between the 
connection member 103, 109 and the interconnect layer 102, 112 
thus raising a problem of increasing signal reflection between 
them. 

In setting 1 the with L, if set at 100 pm, 400 pm or 1000 
m, does not satisfy the condition of Equation (1)'. This 
provides characteristic impedance matched between the 
connection member 103, 109 and the interconnect layer 102, 112. 
Thus, almost no signal reflection occurs between them. 

Meanwhile, the followings are provided: 
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(R • r)/h = 200 

(2 • R • r)/h = 400. 

Accordingly, Equation (2) is given by: 

200 s L <; 400. . . . (2) ' 

Consequenty, the width L in the setting 1 if set to such 
a value 200 jun or 400 jxm as to satisfy the condition of Equation 
(2) ' improves the matching of characteristic impedance between 
the connection member 103, 109 and the interconnect layer 102, 
112. This reduces signal reflection at between them. 

Furthermore, in setting 1 the following is provided: 

(1.5 • R • r)/h = 300. 

Accordingly, we obtain Equation (3) mentioned above as: 

L = 300 ... (3 )' . 

Consequently, the width L in the setting 1 if taken 300 
[mas a value satisfying the condition of Equation (3) ' provides 
a best match in characteristic impedance for the connection 
member 103, 109 and the interconnect layer 102, 112. Thus, the 
signal reflection between them are minimized. 

Also, in the case of setting a connection distance h 20 0 
jun, a diameter R 20 0 fim and a diameter r 300 jun (hereinunder 
referred to as setting 2), we obtain the followings: 

(R • r)/(2 • h) = 150 

(5 • R • r)/h = 1500. 

Accordingly, Equation (1) becomes as: 

150 <; L <; 1500 . . (1) ' ' . 
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In setting 2 the width L, if set at 5 0 pm or 2 mm (= 2000 
pm), does not satisfy the condition of Equation (1)' '• This 
will result in mismatch in characteristic impedance between the 
connection member 103, 109 and the interconnect layer 102, 112, 
raising a problem of increasing signal reflection at between 
them. 

In setting 2, the width L, if set at 150 pm, 800 pm or 1500 
pm,-satisfies the condition of Equation (1)''. Accordingly, 
the characteristic impedance is matched between the connection 
member 103, 109 and the interconnect layer 102, 112. Thus, 
almost no signal reflection occurs between them. 

Also, in this case we obtain the followings: 

(R ♦ r)/h = 300 

(2 * R * r)/h = 600. 

Accordingly, Equation (2) becomes: 

300 <; L <; 600 ... (2 ) ' ' . 

Consequently, if the width L in the setting 2 is set to 
such a value 300 pm or 600 pm as satisfying the condition of 
Equation (2) ' ' , there is increase in matching of characteristic 
impedance between the connection member 103, 109 and the 

interconnect layer 102, 112, further reducing signal 

reflection between them. 

Furthermore, in setting 2 the following is obtained: 

(1.5 • R * r)/h = 450. 

Consequently, Equation (3) becomes: 
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L = 450 ... (3) ' ' . 

Consequenty, in setting 2 if the width L is determined 450 
pm as a value satisfying the condition of (3) ' ' , the connection 
member 103, 109 and the interconnect layer 102, 112 are best 
matched in characteristic impedance. Thus, the signal 
reflection is minimized between them. 

Fig. 4A shows a result of measurement on a frequency 
characteristic (Smith chart) for characteristic impedance of 
the connection member 103, 109 satisfying Equation (3). 

Also. Fig 4B shows a result of measurement on a frequency 
characteristic (Smith chart) for characteristic impedance of 
a structure fallen out of the scope of the invention (width L 
of 1000 pm = 1 mm) . 

The measurements were made under the condition that the 
connection distance h is 4 00 pm, the diameter R 200 pm, the 
diameter r 400 pm, the width 190 pm and the specific dielectric 
constant of the insulation layers 100A - 100D 3.5. 

Fig. 4A and Fig. 4B show Sll of an S parameter on the 
connection member 103, 109 for signals having frequencies of 
from 100 MHz to 10 GHz. 

The Smith chart is generally used to represent a 
characteristic of a device for a high frequency circuit, e.g. 
an RF filter or amplifier circuit in the field of radio 
communications. The use of a Smith chart makes possible 
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immediate reading of a circuit impedance or reflection 
coefficient. 

In S parameters, Sll as one of the S parameters is used 
to represent a reflection coefficient in a 2-port circuit 
describing for a traveling wave and reflection wave to and from 
a port 1 when a port 2 is matched to. On the Smith chart, the 
distance from a center to a plot point represents an absolute 
value of a reflection coefficient. The angle of rotation 
represents a phase angle of a reflection coefficient. Where 
plotting is at the center of the Smith chart, the reflection 
coefficient equals 0. Were plotting is on an outer peripheral 
circle, the reflection coefficient absolute value is 1. The 
relationship between impedance and reflection coefficient is 
given by the following provided that a circuit impedance is ZL, 
a signal source impedance ZO and a reflection coefficient F: 
r = (ZL - ZO) / (ZL + ZO). 

In the case that the circuit impedance is completely 
matched to the signal source impedance (ZL = ZO) , the reflection 
coefficient F = 0 results. When plotting of characteristic is 
made on the center of the Smith chart, a circuit under 
consideration has an impedance matched to an impedance to be 
connected thereto. This means that reflection is eliminated. 

For the structure of the invention, as shown in Fig. 4A 
plotting is made on a frequency characteristic in a manner 
gathering around the center of the Smith chart. The refection 
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coefficient is nearly 0. The characteristic impedance on the 
connection member 103, 109 is nearly matched to the 
characteristic impedance of the interconnect layer 102, 112. 

For a structure out of the scope of the invention, as show 
in Fig. 4B plotting at 100 MHz is on the center of the Smith 
chart. However, as the frequency increases, plot points moves 
distant from the center. At 10 GHz the distance is greatest 
from the center. The reflection coefficient absolute value at 
10 GHz is approximately 5%. 

As described above, it is possible for the present 
embodiment to provide characteristic impedance matching 
without requiring to form extra connection members. 
Consequenty, the embodiment can form signal connection members 
with a twice density per unit area as compared to the 
conventional structure having five or more ground connection 
members per one signal connection member. Thus, in this 
embodiment size reduction is feasible as compared to the 
conventional. Further, it is possible to fabricate a 
multi-level circuit substrate at low cost. 

Now a second referred embodiment of the invention will be 
described with reference to Fig. 5. 

This multi-level circuit substrate has a similar 
schematic structure to that of the first preferred embodiment 
explained with Fig. 1. Accordingly, the same or similar parts 




are attached by the same reference characters as those of Fig. 

1 - 

This multi-level circuit substrate includes a layered 
body 101 as an example of a first insulator. The layered body 
101 is structured by integrating four levels of insulation 
layers 100A, 100B, 100C and 100D. The layered body 101 is 
provided at inside with an interconnect layer 102 and 
interconnect layer 112. These interconnect layers 102, 112 are 
electrically connected with each other through a connection 
member 103, via land 106 and connection member 109. The layered 
body 101 is internally formed with a ground layer 107 on the 
same plane as the via land 106. A gap 108 is formed between 
the ground layer 107 and the via land 106 for providing 
electrical insulation between them. 

In the gap 108 is provided an insulator 12 0 as one example 
of a second insulator. The insulator 120 has a specific 
dielectric constant lower than that of the insulation layers 
100A - 100D. The insulator 120 fills the entire portion of the 
gap 108. The insulator 120 is formed, for example, as follows. 

As shown in Fig. 6A, a via land 106, ground layer 107 and 
gap 10 8 are formed by patterning on the insulation layer 100B. 
Then, a resist pattern 121 as one example of a coat layer is 
formed on the insulation layer 100B. An opening 121a is formed 
in the resist layer 121 at a portion opposed to a gap 108. 



As shown in Fig. 6B, an insulation film 120' is formed of 
an epoxy resin or the like on the formed resist pattern 121. 
The insulation film 120 ' uses a material having a lower specific 
dielectric constant than that of the insulation layers 100A - 
100D. Then, as show in Fig. 6C the resist pattern 121 is removed 
to leave the insulation film 120' only at the gap 108. 

The specific dielectric constant of the insulator 120 is 
closely elated to matching of characteristic impedance between 
the connection members 103, 109 and the via lad 106. This is 
because the specific dielectric constant of the gap 108 
involves in the amount of a capacitance component caused 
between the via land 106 and the ground layer 107. Comparing 
a case that the gap 108 has an insulator having a lower specific 
dielectric constant than that of the insulation layers 100A - 
100D with a case of not doing so, the amount of generating a 
capacitance component is less for the case arranged with the 
insulator. For this reason, the width L required to obtain a 
matching of characteristic impedance between the connection 
member 103, 109 and the via land 106 is smaller for the case 
arranged with the insulator 120 in the gap 108 than the case 
of not doing so. 

Accordingly, in this embodiment it is possible to decrease 
the width L required to match the characteristic impedance 
between the connection members 103, 109 and the via land 106. 
Due to this, this embodiment can reduce the size of the overall 
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structure of the connection members 103, 109 as compared to a 
structure having a gap 108 not separately filled by an 
insulator. 

Now a third preferred embodiment of the invention will be 
described with reference to Fig. 7. 

This embodiment is basically similar to the structure of 
-the first and second embodiments, and accordingly the same or 
similar parts are attached by the same reference characters. 

This multi-level circuit substrate is provided with a 
layered body 101 formed by integrating four levels of 
insulation layers 100A, 100B, 100C and 100D. The layered body 
101 is provided at inside with an interconnect layer 102 and 
an interconnect layer 112. The interconnect layers 102, 112 
are electrically connected with each other through a connection 
member 103, via land 10 6 and connection member 109 . The layered 
body 101 is internally provided with a ground layer 107 on the 
same plane as the via land 106. A gap 108 is provided between 
the ground layer 107 and the via land 106, for providing 
electrical connection between them. The gap 108 is filled by 
an insulator 130 having a lower specific dielectric constant 
than that of the insulation layers 100A - 100D. 

In this embodiment, the width L satisfies the condition 
of Equation (4) given below. Due to this, the characteristic 
impedance of the overall connection member is matched to the 
characteristic impedance of the interconnect layers 102, 112. 
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(R • r • V e , )/(2 , h*V e)^L< (5*R«r«V f e')/(hWs) ... 

(4) 

where 

R: diameter of the connection member 103, 109 
r: diameter of the via land 106 

h: connection distance between the interconnect layers 
102, 112 through the connection members 103, 106 and connection 
member 109 - 

L: width of the gap 108 

e: specific dielectric constant of the insulation layers 
100A - 100D 

s': specific dielectric constant of the insulator 130 
Meanwhile, if within a range of the above Equation (4) 
satisfying the following: 

(R-r*Ve')/(h-V’B)sL:s (2-R«r«Ve’)/(h«V8) ... 

(5) , 

then the matching of characteristic impedance is 
preferably improved and signal reflection less occurs. 

Furthermore, of the range of Equation (4) as above, the 
case satisfying the following is best preferred (best mode): 
L = (1.5 • R * r • V e ' ) / {h • V e ) ... (6). 

The reason of setting the above condition is explained 
below. 

Referring to Fig. 8, shown is a result of measurement on 
variation in amount of signal reflection caused between the 
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connection member 103, 109 and the interconnect layer 102, 112 
under a condition of sequentially changing the width L of the 
gap 108. This measurement was made under a condition that the 
line width for the interconnect layer 102, 112 is 190 |xm, the 
specific dielectric constant for the insulation layers 100A - 
100D is 4.5, the specific dielectric constant e' for the 
insulator 130 is 3 and the connection distance h is 200 juu. 
Furthermore, in Fig. 8 the width L of the gap 108 is standardized 
by (R • r * V e ' ) / (h * V e) . In Fig- 8 the value of the width 
L is taken on the horizontal axis while the amount of signal 
reflection is on the vertical axis. 

Where the width L is within a range a' satisfying the condition 
(R-rWe')/(2*hWe) L <; (5 « R « r • V z' ) / (h • V e), 
then the signal reflection is sufficiently low in value, i.e. 
0.05 or less. As explained in the first preferred embodiment, 
a system for realizing data transfer using a clock frequency 
of 1 GHz or below requires to reduce the amount of signal 
reflection to 5% (= 0.05) or less of an input signal. 

Where the width L is within a range P' satisfying the 
condition <R * r * V e')/(h We) <; L <; (2 • R • r W e')/(h 
• V e), the signal reflection amount is further decreased to 
a low value, i.e. 0.02 or less. 

Where the width L comes to a point y' satisfying 

L = (1.5 • R * r • V e’)/(h • V e). 
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the signal reflection amount becomes a minimum value of 

0 . 01 . 

For example, where the connection distance h is set at 400 
jxm, the diameter R of the connection member 103, 109 is 200 jun, 
the diameter r of the via land 106 is 400 jj.m, the specific 
dielectric constant 8 for the insulation layers 100A - 100D is 
4.5, and the specific dielectric constant e' for the insulator 
130 is 3 (hereinunder referred to as setting 3) , then we obtain 
the following: 

(R • r * V e')/(2 • h * V e) s 82 

5 * R • r V e'/h • V e s 816. 

Accordingly, Equation (4) mentioned above is given as: 

82 ^ L <; 816 - (4) ' . 

In setting 3 the width L, if set at 50 [uu or 1000 fun, does 
not satisfy the condition of Equation (4) ' . Due to this, the 
connection member 103, 109 and the interconnect layer 102, 112 
are not matched in characteristic impedance, thus causing a 
problem of increasing signal reflection between them. 

In setting 3 the width L, if set at 85 jim, 200 fim, 400 pm 
or 800 jun, satisfies the condition of Equation (4) ' . In this 
case, the characteristic impedance on the connection member 
103, 109 is matched to the characteristic impedance on the 

interconnect layer 102, 112. Thus, almost no signal reflection 
occurs between them. 

In this case, the followings are provided: 
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(R * r * V e' )/(h * V e) s 163 

(2 • R * r • V s' )/(h • V 8) s 327. 

Consequently, Equation (5) mentioned above becomes as: 

163 <; L s 327 ... (5) ’ 

In settinq 3 if the width L if set at such a value as 
satisfying the condition of Equation (5) ' , e.g. 200 jun, 250 um 
or 300 jxm, then the connection member 103, 109 and the 

interconnect- layer 102, 112 are further matched in 

characteristic impedance, thus signal reflection is further 
reduced between them. 

In setting 3, the following is given: 

(1.5*R*r #1 /e , )/(h*'/£) ^ 24 5. Accordingly, Equation 
{6) mentioned above becomes 

L s 245 ... (6)’. 

In setting 3 if the width L be set at 245 um satisfying 
the condition of Equation (6) ’ , the connection member 103, 109 
and the interconnect layer 102, 112 are best matched in 

characteristic impedance. Thus eliminating signal reflection 
is minimized between them. 

Where the connection distance h is set at 400 fun, the 
diameter R of the connection member is 2 00 jxm, the diameter r 
is 400 (xm, the specific dielectric constant s is 7.5, and the 
specific dielectric constant e 1 is 4, then we obtain the 
following: 

(R • r • V 8’)/(2 • h • V e) s 73 
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(5 * R * r V e')/(h * V e) s 730. 

Accordingly, Equation (4) is given as: 

73 is L <; 730 ... (4 ) ' ' - 

In setting 3 the width L, if set at 50 pm or 1000 pm, does 
not satisfy the condition of Equation (4)''. If it is done, 
the connection member 103, 109 and the interconnect layer 102, 
112 are not matched in characteristic impedance, causing a 
problem of increasing signal reflection between them. 

In setting 3 the width L, if set at 75 pm, 150pm or 7 00 
pm, satisfies the condition of Equation (4) 1 ' . Accordingly, 
the connection member 103, 109 and the interconnect layer 102, 
112 are matched in characteristic impedance. Thus, almost no 
signal reflection occurs between them. 

Meanwhile, in this case the followings are provided: 

(R • r • V e' ) / (h • V e) s 146 

(2 * R • r • V s')/(h • V s) s 292. 

Consequently, Equation (5) becomes as: 

146 ^ L £ 292 ... (5) ' ' 

Where in setting 3 the width L, if set at 150 pm or 250 
pm satisfying the condition of Equation (5) ' 1 , the connection 
member 103, 109 and the interconnect layer 102, 112 are further 
matched in characteristic impedance. Signal reflection is 
further reduced between them. 

Furthermore, in setting 3 the following is provided: 

(1.5 • R • r • V £' ) / (h • V e) s 219. 
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Accordingly, Equation (6) becomes 

L s 219 ... (6)''. 

In setting 3 if the width L is set at 219 pm satisfying 
the condition of Equation (6) ' ' , the connection member 103, 109 
and the interconnect layer 102, 112 are best matched in 
characteristic impedance. Thus, signal reflection is 
minimized between them. 

As described above, the provision of this embodiment 
structure makes possible characteristic impedance matching 
without forming extra connection members. 

In this embodiment, signal connection members can be 
formed with a twice density per unit area as compared to the 
conventional structure having five or more ground connection 
members per one signal connection member. Thus, in this 
embodiment size reduction is feasible as compared to the 
conventional. Further, it is possible to fabricate a 
multi-level circuit substrate at low cost. Also, because the 
width L can be further reduced, mounting with high density is 
feasible. 

Now a fourt h pre fer red em bodiment of the invention will 
be described with reference to Fig. 9. 

This embodiment is basically similar to the structure of 
the first to third embodiments, and accordingly the same or 
similar parts are attached by the same reference characters. 
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This multi-level circuit substrate is provided with a 
layered body 101 as an example of an insulator. The layered 
body 101 is structured by integrating four levels of insulation 
layers 100A, 10OB, 100C and 100D. The layered body 101 is 
provided at inside with an interconnect layer 102 and an 
interconnect layer 112. The interconnect layers 102, 112 are 
electrically connected to each other through a connection 
member 103, via land 106 and connection member 109-. The via 
land 106 is one example of an intermediate interconnect layer. 
The interconnect layers 102, 112 are formed by a patterned 
conductive film in an interconnection form. The interconnect 
layers 102 , 112 are respectively provided with connection lands 
102a, 112a. The connection lands 102a, 112a are circular in 
plan, as shown in Fig. IB. The connection land 102a, 112a is 
provided at a lower or top end of the connection member 103, 
109, nearly concentrically to the connection member IL03, 109. 
The connection land 102a, 112a is abutted against the lower or 
top end of the connection members 103, 109, thus being 
electrically connected with the connection member 103, 109. 
The connection land 102a, 112a has a diameter somewhat greater 
than a diameter R of the connection member 109. 

The layered member 101 is internally provided with a 
ground layer 107 as one example of a second shield layer on a 
same plane as the via land 106. A gap 108 is provided between 
the ground layer 107 and the via land 106, for providing 
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electrical connection between them. Ground layers 140 are 
provided as one example of a first shield layer on respective 
outermost layers of the layered body 101. 

In this embodiment, where the connection member 103, 109 
has a higher characteristic impedance than that of the 
interconnect layer 102, a relationship is given as follows: 

• • • ( 7 ) 

■where 

r: diameter of the via land 106 

m: diameter of .the interconnect layer 102, 112, 

specifically diameter of the connection land 102a, 112a. 

Meanwhile, where the impedance of the connection member 
103, 109 is lower than that of the interconnect layer 102, a 
relationship is given as follows: 

r. >. m ) ... ( 8) 

In. Fig. .. 9 r < m is.given as an ex ample# 

This provides matching of characteristic impedance 
between the connection member 103, 106 and the interconnect 
layer 102, 112, thereby reducing signal reflection. The reason 
is explained below. 

The characteristic impedance Z of the connection member 
103, 106 is expressed as Z = V (I / C) by its equivalent 

inductance I and equivalent capacitance C. The equivalent 
inductance I is an inductance component resulting from a 
corresponding length of the connection member 103, 106 to a 
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connection distance h described in the above embodiments. The 
equivalent capacitance C results from a capacitance existing 
between the connection member 103, 106 and the ground layer 140. 

Here, the equivalent capacitance varies depending upon a 
difference between the diameter r of the via land and the 
diameter m of the connection land 102a, 112a. If the diameter 
r is increased greater than the diameter m (r > m) , the 
capacitance C will be increased by an amount of 
s * So * [{rc • (rn/2)} 2 - n • (r/2) 2 ] / (h/2). 

Similarly, if the diameter r is decreased smaller than the 
diameter m (r < m) , the capacitance C will be decreased by an 
amount of 

e * e 0 * [{at * (r/2)} 2 - % • (m/2) 2 ] / (h/2), 
where 

e: specific dielectric constant of the insulation layer 
100A - 100D 

e 0: specific dielectric constant in vacuum 
h/2: distance between the connection member 103, 106 and 
the connection land 102a, 112a wherein a half (h/2) of the 

connection distance h is given because of equivalency of 
thickness of the insulation layers 100A - 100D. 

In this manner, the capacitance C can be increased by 
increasing the diameter m greater than the diameter r. 
Similarly, the capacitance C can be decreased by decreasing the 
diameter m smaller than the diameter r. 
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In the case that the impedance of the entire connection 
members is higher than that of the interconnect layers 102, 112, 
it is possible to reduce signal reflection by providing the 
diameter m greater than the diameter r and thereby matching 
their impedances. Where the entire connections is lower than 
that of the interconnect layers 102, 112, signal reflection can 
be reduced by providing the diameter m smaller than the diameter 
r to give matching between their impedances. 

Referring to Fig. 10, shown is a reflection amount 
characteristic against a width L of the gap 108 for a case of 
a connection distance h = 44.5 fim, diameter r = 400 ^irn, diameter 
R = 2 00 fun and diameter m = 500 fun (r < m) . As will be clear 
from comparison between Fig. 10 and Fig 2, the range the 
reflection amount is suppressed lower than the upper limit 
value 0.05 shown in the before-described embodiment is 
broadened in range of a width L for the case of (r < m), as 
compared to a case of not doing so. Specifically, the range 
is broadened on a side increasing the width L. 

This embodiment, if implemented for a multi-level circuit 
substrate without having a ground layer 107 as a second shield 
layer, provides for a similar effect as shown in Fig. 11. In 
the multi-level circuit board of Fig. 11, the width L of the 
gap 10 8 existed in the before-described embodiments is 
infinite, and accordingly the characteristic impedance is 
impossible to control by adjusting the width L. In order to 
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control the characteristic impedance over the entire 
connection members in a manner matched to the characteristic 
impedance on the interconnect layers 102, 112, adjustment may 
be made on the relationship between the diameter r and the 
diameter m, as in this embodiment. 

The embodiments having the above structure and feature 
provide for especial effects for cases of transmitting a signal 
with a wavelength of 150 0 times the connection distance h. The 
reasons thereof are described hereinbelow. 

In a medium of specific dielectric constant e = 1, if an 
interconnection having a length of 1 mm is formed on a substrate 
having no ground surface, the signal through the 
interconnection will have a characteristic of an amount of 
reflection depending upon a signal frequency as shown in Fig. 
12. Here, provided that an upper limit value of the signal 
reflection amount is taken 5% as stated before, an upper limit 
of the frequency concerning the signal reflection amount is 
determined, i.e. the upper limit value is 0.2 GHz (= 200 MHz). 
This if converted into a wavelength is 1.5 m. 

If the wavelength (1.5 m in the above example) of the 
signal to be transmitted be less than 1/1500 of the 
interconnection length (1 mm in the above example), the 
reflection of signal due to the interconnection exceeds the 
upper limit value (5%) thus requiring control of characteristic 
impedance on the interconnection. Consequently, this 
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embodiment provides for especial effects for cases of 
transmitting a signal with a wavelength of 1500 times the 
connection distance h. 

Incidentally, the wavelength 1 of an electromagnetic wave 
in a medium in general is expressed as: 

X = Cv / (f • V e) 

where 

Cv: light velocity 

f: frequency. 

Because the insulation layers 10 0A - 10 0D of the 

embodiments correspond to mediums have a specific dielectric 
constant e greater than 1, the transmission signal have a 
wavelength shorter than that of the case for the condition (s 
= 1) stated before. However, it is needless to say that a 
relationship between a connection distance h and a wavelength 
stands similarly to the above condition. 

Incidentally, although in the embodiments the invention 
was explained on the multi-level circuit substrate having a 
ground layer as one example of a shield layer, the similar 
effect is obtainable by applying the invention to a multi-level 
circuit substrate having a power source layer as a shield layer. 
Furthermore, the similar effect is also obtainable if the 
invention is applied to a multi-level circuit substrate having 
both ground and power source layers. 
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Furthermore, it is needless to say that the invention can 
be similarly practiced in multi-level circuit substrates shown 
in Fig 13A - Fig. 13F. Fig. 13A is a multi-level circuit 
substrate having five levels of insulation layers 100A — 100E 
having at inside connection members 150A - 150C stacked through 
three levels, via lands 106A, 10633 of two layers, ground layers 
(or power source layers) 107A, 107B of two layers, and 
interconnect layers 102, 112, with ground layers 151 (or power 
source layers) provided on surfaces of outermost insulation 
layers 100A, 100E. The present invention can be practiced on 
such a multi-level circuit substrate. 

Fig. 1333 is a multi-level circuit substrate having three 
levels of insulation layers 100A - 100C having at inside 
connection members 150A - 150C stacked through three levels, 
via lands 10 6A, and 10633 of two layers, ground layers (or power 
source layers) 107A, 107B of two layers, with interconnect 
layers 102, 112 provided on surfaces of outermost insulation 
layers 100A, 100C. The present invention can be practiced on 
such a multi-level circuit substrate. 

Fig. 13C is a multi-level circuit substrate having three 
levels of insulation layers 100A - 100C having at inside 
connection members 150A, 150B stacked through two levels, one 
via land 106, a ground layer (or power source layer) 107 of one 
layer, and one interconnect layer 102, wherein a ground layer 
151 is provided on a surface of an outermost insulation layer 
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100A and the other interconnect layer 112 on a surface of an 
outermost insulation layer 10OB. The present invention can be 
practiced on such a multi-level circuit substrate. 

Fig. 13D is a multi-level circuit substrate having five 
levels of insulation layers 100A - 100E having at inside 
connection members 150A - 150C stacked through three levels, 
via lands 106A, 106B of two layers, a ground layer (or power 
source layer) 107 of one layer, and interconnect layers 102, 
112 wherein ground layers 151 are provided on surfaces of 
outermost insulation layers 100A, 100E. The present invention 
can be practiced on such a multi-level circuit substrate. 

Fig. 13E is a multi-level circuit substrate having three 
levels of insulation layers 100A - 100C having at inside 
connection members 150A - 150C stacked through three levels, 
via lands 106A, 106B of two layers, and a ground layer (or power 
source layer) 107 of one layer, wherein interconnect layers 
102, 112 are provided surfaces of outermost insulation layers 
1OOA, 10 0C. The present invention can be practiced on such a 
multi-level circuit substrate. 

Fig. 13F is a multi-level circuit substrate having 
multiple levels of insulation layers having outermost five 
insulation layers 100A - 100E having at inside connection 
members 150A - 150C stacked through three levels, via lands 
106A, 106B of two layers, and two ground layers 107A, 107B (or 
power source layers), wherein interconnect layers 102, 112 are 
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provided and a ground layer 151 (or power source layer) is 
provided on a surface of an outermost insulation layer 100A. 
The present invention can be practiced on such a multi-level 
circuit substrate. 

Although the invention was explained in detail on best 
preferred embodiments, the combination and arrangement of 
parts of the preferred embodiments are to be modified in various 
forms without departing from the spirit of the invention as 
hereinafter claimed. 
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